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Sample l o t s  of experimental s i n t e r e d  n i cke l  plaques and impregnated 
plates w e r e  prepared i n  a production f a c i l i t y  t o  determine the  e f f e c t  
of process va r i ab le s  on plaque and p l a t e  c h a r a c t e r i s t i c s .  ‘ S i n t e r i n g  
process va r i ab le s  s tud ied  w e r e  time ( a t  5 l e v e l s ) ,  and temperature ( a t  
3 l e v e l s ) .  The plaque c h a r a c t e r i s t i c s  which were examined included 
po ros i ty ,  r e s i s t i v i t y ,  and mechanical s t r eng th ,  
The p l a t e  processing va r i ab le s  inves t iga ted  included t h e  degree of 
loading (50%, 75%, and 100% of a predetermined t a r g e t  va lue) ,  t h e  
add i t ion  of th iourea  t o  i n h i b i t  chemical a t t a c k  on the  negat ive p l a t e ,  
and a cathodic  t reatment  of t h e  nega t ive  p l a t e  i n  t h e  c a u s t i c  conversion 
(KOH) bath during each impregnation cycle.  
with respect t o  weight gain,  ampere-hour capac i ty ,  and u t i l i z a t i o n  
e f f i c i e n c y  ( r a t i o  of measured t o  t h e o r e t i c a l  capac i ty) .  
The p l a t e s  were evaluated 
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I. INTRODUCTION 
The ob jec t ive  of t h i s  program i s  t o  s c a l e  up a labora tory  process t o  
a production process f o r  t h e  manufacturing of uniform and r e l i a b l e  
nickel-cadmium b a t t e r y  p l a t e  ma te r i a l s  f o r  long term aerospace missions.  
The s p e c i f i c  tasks  include the  s tudy and evaluat ion of ma te r i a l  and 
processing va r i ab le s  and t h e i r  e f f e c t  on uniformity and c h a r a c t e r i s t i c s  
of s i n t e r e d  plaques and impregnated p l a t e s .  
During t h e  r epor t ing  per iod,  a second series of experiments were 
c a r r i e d  out  where sample l o t s  of plaques and .p l a t e s  were prepared i n  
a production f a c i l i t y .  I n  these  experiments, a t t e n t i o n  w a s  focused 
on the  time-temperature r e l a t ionsh ip  of the  s i n t e r i n g  process,  and i t s  
e f f e c t  on plaque c h a r a c t e r i s t i c s .  Representat ive samples of t h e  
plaque ma te r i a l s  produced under t h e  d i f f e r e n t  s i n t e r i n g  condi t ions 
were then processed t o  produce p o s i t i v e  and negat ive  p l a t e  materials 
f o r  f u r t h e r  evaluat ion.  The procedural d e t a i l s  and f indings are 
presented i n  the  following sec t ions .  
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11. EXPERIMENTAL METHODS AND RESULTS 
A. PROGRAM PLAN 
Based on the  test  r e s u l t s  obtained i n  evaluat ing the  plaque and p l a t e  
mater ia l s  prepared i n  the  f i r s t  series of experiments, f i r i n g  t i m e  and 
temperature were se lec ted  as the  only s i n t e r i n g  process var iab les  i n  t h i s  
series of experiments. 
A s i n g l e  l o t  of n icke l  powder (B/198, bulk dens i ty  0.86 gm/cc) was 
se lec ted  on the  bas i s  of preliminary evaluat ion of shrinkage and weight 
loss. Two l o t s  of n icke l  powder, B/194, and B/198, with reported bulk 
dens i t i e s  of 0.92 gm/cc and 0.86 gm/cc respec t ive ly ,  were evaluated. 
powder was dusted i n t o  graphi te  molds, 1.260' diameter and 0.250" deep, 
and f i r e d  a t  950°C f o r  12 minutes i n  a 20% H2/80% N2 atmosphere. 
weight loss and t h e  measured bulk dens i t i e s  of the  powders a r e  given below. 
The 
The 
TABLE I. - WEIGHT LOSS & BULK DENSITY OF NICKEL POWDERS 
Each of the  bulk dens i ty  values shown i n  Table I i s  based on four deter- 
minations using a Sco t t  Volumeter. The amount of shrinkage w a s  approxi- 
mately 20% f o r  both samples. The observed shrinkage w a s  smaller i n  the  regions 
adjacent t o  the  walls of t h e  mold, and g rea t e r  i n  the  center  por t ion  of 
the  sample. Based on t h i s  evaluat ion,  Lot B/198 w a s  se lec ted  f o r  i t s  lower 
bulk dens i ty ,  and i t  w a s  t o  be used a t  a s i n g l e  v i s c o s i t y  of 110,000 k 5,000 cps. 
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The program plan  was t o  s tudy  the  following: 
1. S in te r ing  temperature,  a t  3 l e v e l s ;  950"C, 1000°C and 1050°C. 
2.  S in t e r ing  t i m e ,  a t  5 l e v e l s ;  30, 20, 10, 5 ,  and 2.5 minutes. 
3 .  Active ma te r i a l  loading, a t  3 l e v e l s ;  loo%, 75%, and 50% based 
on s tandard loading l eve l .  
Var ia t ion  o f - t h e  a c t i v e  ma te r i a l  loading was f o r  both p o s i t i v e  and 
negat ive  p l a t e s .  
Three batches of s l u r r y  were prepared t o  assure  an adequate supply 
of ma te r i a l  f o r  t h e  s i n t e r i n g  runs.  
and contained t h e  following: 
Each batch was prepared i d e n t i c a l l y ,  
180 lb s .  Nickel Powder, Lot B/198 
1.84 kg  Methocel (Lot MM073091) 
180 lb s .  Deionized Water 
The s l u r r y  w a s  prepared by adding deionized water ,  a t  7 O o C ,  t o  the  
n i cke l  powder and Methocel t o  w e t  t he  powders, and r o l l e d  f o r  10,hours  i n  
s t a i n l e s s  s t e e l  drums t o  d i spe r se  the  binder  i n  the  n i cke l  powder. The 
s l u r r y  was then cooled i n  a 10°C water bath f o r  14-16 hours t o  d i s so lve  the  
b inder ,  poled, checked f o r  v i s c o s i t y ,  and t r ans fe r r ed  t o  t h e  feeder  f o r  * 
t he  s i n t e r i n g  experiments. 
Twenty experimental s i n t e r i n g  runs were made under the  condi t ions and 
i n  the  chronological  sequence shown i n  Table 11. 
Approximately 50 f e e t  of s i n t e r e d  s t r i p  were made f o r  each of the  ex- 
perimental  condi t ions l i s t e d .  The s i n t e r e d  s t r i p  was coined and c u t  i n t o  
3 f t .  s ec t ions ,  with each s e c t i o n  numbered consecut ively from 1 t o  1 7  t o  
i d e n t i f y  i t s  pos i t i on .  The s t r i p s  were then divided i n t o  seven groups and 
impregnated t o  varying loading l e v e l s ,  as shown i n  Table 111, 
* "Poling" i s  a method of mixing so  as t o  preclude a i r  entrapment i n  the  
s l u r r y .  
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B e  IMPREGNATION OF SINTERED PLAQUES 
The sintered nickel strips were loaded into six stainless steel baskets 
for impregnation with active material. Each group (excepting the one which 
was left unimpregnated) was hung vertically in the basket with a 0.5 inch spac- 
ing to allow the free flow of liquid between adjacent strips. In addition, 
four sample plaques, fired under varying time/temperature conditions, were 
hung in each basket. These sample plaques were weighed after each impreg- 
nation cycle and served as controls for monitoring weight gain. 
The impregnation procedure used was as follows: 
1. Positive Plates 
a. Soak plaques for 3 minutes in 53" B i  Ni(N03)2 solution con- 
taining 6% cobalt, at ambient temperature under 24'' vacuum. 
b. Remove plaques from solution and allow to drain for 5 minutes. 
c. Pass through air tunnel at approximately 2 ft/sec for six 
complete excursions to remove excess surface liquid. 
d. Dry for 60 minutes in a hot (100°C) forced air oven. 
e. Soak in 28" Be' NaOH at 60°C for 20 minutes to convert the 
Ni(N03)~ to Ni 
f. Pass through deionized water spray tunnel at approximately 
2 ft/sec for six complete excursions to remove excess caustic 
fom plate surface. 
g. Wash in deionized water for 15 minutes in first tank at room 
ambient, 30 minutes in second tank at 50"C,  and 20 minutes in 
third tank at 60°C, until water dripping off plates gives a 
neutral reaction to indicator paper. 
h. Dry 60 minutes in a hot (100°C) forced air oven. 
i. Weigh plates to determine weight gain, and repeat impregnation 
cycle as necessary to achieve the desired weight gain. 
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2. Negative P l a t e s  
The procedure used t o  impregnate the  nega t ive  p l a t e s  was i d e n t i c a l  
t o  t h a t  used f o r  p o s i t i v e s ,  except t h a t  43" Be' Cd(N03)2 so lu t ion  w a s  
used as t h e  impregnating so lu t ion .  The number of impregnation cycles  
required t o  achieve t h e  des i red  Ni(OH)2 weight ga in  were 7, 5, and 3 
f o r  Groups 1, 2 and 3 respec t ive ly .  The da ta  showing t h e  i n i t i a l  
weights,  t he  t a r g e t  weights,  and t h e  cumulative weights a f t e r  each 
cycle ,  suggest t h a t  Group 6 should have been given one more impreg- 
na t ion  cycle.  These da t a  a r e  shown i n  Table I V .  
I n  add i t ion  t o  varying t h e  loading l e v e l ,  two o the r  impregnation 
process va r i ab le s  w e r e  inves t iga ted .  They included the  e f f e c t  of 
a cathodic  treatment a f t e r  each impregnation cycle ,  and the  add i t ion  
of th iourea  t o  t h e  cadmium n i t r a t e  s o l u t i o n  t o  i n h i b i t  chemical 
a t t a c k  on the  s i n t e r .  
bench s c a l e  wi th  negat ive plates. 
These inves t iga t ions  were c a r r i e d  out  on a 
Three groups of p l a t e s  were impregnated using t h e  procedure des- 
cr ibed above, except t h a t  25% KOH w a s  used i n  t h e  conversion bath.  
The t h r e e  groups were t r e a t e d  as follows: 
Group #1 - Control group, standard procedure used. 
Group #2 - 43" B e '  cadmium n i t r a t e  s o l u t i o n  containing 2% th iourea  
w a s  used. 
cadmium n i t r a t e  te t rahydra te .  
Thiourea content  was based on weight of 
Group #3 - I n  KOH conversion ba th ,  a cathodic  cur ren t  (10 mA/cm2) 
was appl ied during each impregnation cycle.  S in te red  
n i cke l  plaques were used as counter e lec t rodes  on each 
s i d e  of the  p l a t e .  
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TABLE I V .  - WEIGHT GAIN OF EXPERIMENTAL PLAQUES 
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. Each group contained four  l o t s  (plaques s i n t e r e d  under d i f f e r e n t  
condi t ions)  a s  shown below; 
SUBGROUP 











Each subgroup contained t h r e e  plaques. 
S i x  impregnation cycles  were required t o  achieve t h e  t a r g e t  
weight gain (14.15 gm per  p l a t e ) .  The da ta ,  t he  weight of each of 
t h e  p l a t e s  a f t e r  each cyc le  i s  shown i n  Table V. 
C. EVALUATION OF PLAQUE MATERIAL 
The plaque materials prepared under the  varying s i n t e r i n g  condi t ions 
were evaluated by measuring t h e i r  r e s i s t i v i t y ,  po ros i ty ,  and mechanical 
s t rength .  
The procedure and apparatus used t o  measure r e s i s t i v i t y  was  a s  
descr ibed i n  t h e  F i r s t  Quar te r ly  Report. Br i e f ly ,  copper bars  were 
a t tached  t o  the  oppos i te  ends and across  the  f u l l  width of t he  test  
sample. With a measured cur ren t  flowing through the  t e s t  sample, t h e  
vol tage  drop between two po in t s  a known d i s t ance  a p a r t  was measured. 
From the  measured vol tage  drop, the  cu r ren t ,  and t h e  c ross -sec t iona l  
a rea  of t h e  t e s t  sample, t he  r e s i s t i v i t y  was calcul-ated .using t h e  formula: 
EA P =  
where: E = measured vol tage drop 
A = cross-sec t iona l  a rea  
I = cur ren t  flowing through tes t  sample 
1 = d i s t ance  between vol tage  probes 
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TABLE V. WEIGHT GAIN OF NEGATIVE PLATES 
























GROUP & SUBGROUP 
GROUP 111 /A- 18 
I 1  I 1  
1 1  I1  
GROUP #1/1-19 
I 1  I I  
I 1  11 
GROUP #1/J-19 
11 I 1  
I 1  11 
GROUP #1/R-19 
I 1  I 1  
11 11 
GROUP #2/A-18 
I 1  1 1  
GROUP #2/1-19 
1 1  1 1  
I t  I 1  
GROUP #2/J-19 
1 1  . 11 


























































33 a 22 
33 e 92 
33 0 39 
33.43 
33 72 
34 a 51 
34 * 54 




































33 a 08 
ZY CLE 
/1,6 
36 e 08 
36.07 
36 e 05 
35 0 94 
36.12 



























1 7  
18 







GROUP & SUBGROUP 
GROUP #2/R-19 
11 1 1  
1 1  I 1 1  
GROUP #3/A- 18 
11 1 1  
1 1  I 1  
GROUP #3/1-19 
I 1  z 11 
1 1  1 1  
GROUP # j / J - 1 9  
I 1  II 
II !I 







22 .19  
20.10 
20.00 







2 2 . 1 7  


















































































































The cu r ren t  used t o  measure r e s i s t i v i t i e s  w a s  10.0 amperes, a 
s u f f i c i e n t  cu r ren t  t o  g e t  an appreciable vol tage without causing a 
temperature change i n  t h e  t e s t  sample during t h e  measurement. 
The measured values which ranged from 5.40 x ohm-cm f o r  
D-9 (950° ,  30 min.) t o  10.22 x ohm-cm f o r  R-9 (1050", 2 -1 /2  min.) 
a r e  l i s t e d  i n  Table V I .  
The poros i ty  of t h e  s i n t e r e d  plaques was determined by two d i f -  
f e r e n t  methods. I n  the  f i r s t  one, t h e  pore volume was ca l cu la t ed  
from the  amount of l i q u i d  absorbed by the  tes t  sample. I n  t h e  second 
method, t h e  pore volume was ca l cu la t ed  from the  apparent dens i ty  of 
t h e  t e s t  sample 
Poros i ty  determinations w e r e  made i n  dup l i ca t e .  Two 1" d i s c s  
w e r e  punched from every 3 '  s t r i p  from each experimental run. Each 
tesot sample was weighed on an a n a l y t i c a l  balance t o  the  nea res t  0.001 gm, 
and i t s  thickness  measured on a platform d i a l  micrometer t o  t h e  n e a r e s t  
0.0005". 
minutes t o  allow t h e  l i q u i d  t o  pene t r a t e  t h e  pores,  and reweighed i n  
a s a t u r a t e d  condi t ion,  While reweighing the  sample i n  t h e  sa tu ra t ed  
condi t ion,  care w a s  taken t o  a s su re  t h a t  t h e  l i q u i d  was contained i n  
t h e  pores but n o t  on t h e  su r face  (as  evidenced by a matte  r a t h e r  than 
a shiny appearance). Consequently, t h e  s a t u r a t e d  sample w a s  weighed, 
soaked and reweighed 2-3 t i m e s  t o  ob ta in  a constant  value. From these 
The tes t  samples w e r e  soaked i n  methyl alcohol f o r  one t o  two 
da ta ,  t h e  p o r o s i t i e s  w e r e  ca l cu la t ed  using t h e  following two formulas: 
x 100 - W-D 
pL - Vd 
where: PL = p o r o s i t y  (by l i q u i d  absor.ption) 
W = s a t u r a t e d  weight 
D = dry weight 
V = apparent volume of sample (area x thickness)  
d = d e n s i t y  of alcohol 
- 13- 
) 100 'D = (I - 8.9 v and 
where: PD = poros i ty  (from apparent densi ty)  
8.9 = dens i ty  of n i cke l  (gms/cc) 
D and V are as shown i n  equation (1). Poros i ty  measurements were made 
i n  dup l i ca t e ,  using t h e  s a m e  t e s t  samples f o r  both methods. 
The r e s u l t s  of t h e  po ros i ty  determinations are l i s t e d  i n  Table V I I ,  
- 14- 
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PL = Poros i ty  From Liquid Absorption 
PD = Poros i ty  From Apparent Dens i ty  
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Mechanical s t r e n g t h  was determined using a four-point  bend t e s t .  
A d e t a i l e d  d e s c r i p t i o n  of the  apparatus and method is  descr ibed i n  t h e  
Second Quar te r ly  Report, "Development of Uniform and P r e d i c t a b l e  Bat tery 
Mate r i a l s  f o r  Nickel-Cadmium Aerospace Cel ls : ,  under Contract No. NAS 5-11561. 
Br i e f ly ,  a f o r c e  i s  appl ied t o  t h e  test  sample i n  a bending mode t o  de- 
termine t h e  mechanical i n t e g r i t y  of t he  s i n t e r .  This tes t  e s s e n t i a l l y  
e l imina tes  the  e f f e c t  of t he  n i c k e l  s u b s t r a t e  and is a measure of t he  
degree of p a r t i c l e - t o - p a r t i c l e  bonding i n  t h e  s i n t e r e d  powder s t r u c t u r e .  
Resul ts  of t h e s e  measurements are presented i n  Table V I I I .  
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116.03 





































TEMP, 'C/TIME, MIN. 
950/5 
1 1  
11 
950/2- 1 / 2  






I t  
1 1  
1000/5 
11 
I t  
II 
1 1  
. 1000/2-1/2 
I 1  
1 1  
1000/5 
II 




































































































D. EVALUATION OF PLATE MATERIALS 
Impregnated plates were evaluated t o  determine t h e  a c t i v e  m a t e r i a l  
loading i n  the  plaques as a func t ion  of t he  s i n f e r i n g  parameters.  The 
amount of a c t i v e  m a t e r i a l  contained i n  the  p l a t e s  was determined by 
weight d i f f e r e n c e .  The aggregate  weight of t e n  plaques from every 
s t r i p  (A-1, A-5, e t c . )  was  measured and averaged, and from t h e s e  values  
an average plaque weight f o r  each l o t  (A, B y  e t c . )  w a s  c a l c u l a t e d .  
These r e s u l t s  are shown i n  Table I X .  
P o s i t i v e  and nega t ive  p l a t e s  were a l s o  weighed i n  aggregates  of t e n  
t o  o b t a i n  an average p l a t e  weight f o r  each s t r i p  (A-2, A-3,  e t c . ) .  The 
l o t  average plaque weight was then  sub t r ac t ed  from the  average p l a t e  
weight t o  determine p l a t e  loading.  The average p l a t e  weight and weight 
ga in  f o r  each of t h e  s t r i p s  are shown i n  Tables  X and X I  f o r  t h e  p o s i t i v e  
and negat ive  p l a t e s ,  r e spec t ive ly .  
The t h r e e  groups of nega t ive  p l a t e s  impregnated by t h e  t h r e e  d i f -  
f e r e h t  techniques ,  as  descr ibed  i n  Sec t ion  B, were a l s o  eva lua ted  by 
measuring t h e i r  ampere-hour capac i ty  i n  a f looded condi t ion .  
measurements were made us ing  3 -p la t e  c e l l s ,  t h e  nega t ive  tes t  sample, 
and two p o s i t i v e  p l a t e s .  
i n t o  open c e l l s ,  f looded wi th  e l e c t r o l y t e  (34% KOH) and charged a t  ( C / l O )  
400 mA f o r  16-1/2 hours ,  followed by a one hour open c i r c u i t  s t and  and 
a 2 ampere d ischarge  t o  1.0 V ,  
a t  t he  end of d i scharge  t o  a s c e r t a i n  t h a t  t h e  capac i ty  measured was 
t h a t  of t h e  nega t ive  tes t  plate.  Three charge-discharge cyc les  were 
run  and t h e  measured c a p a c i t i e s  on each cyc le  wi th  t h e  averaged values  
are shown i n  Table X I I .  
These 
Two ou t  of every t h r e e  p l a t e s  were assembled 
A Hg/HgO re fe rence  e l e c t r o d e  w a s  used 
-23- 













































































































- 24- continued..... 
TABLE I X .  - Continued 
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14 e 94 

















13 e 56 
11.06 
7.89 


































































































































0- 1 2  
0- 15 
P- 2 
P - 4  
P- 7 
P- 10 



























































































12  ., 61 
8.86 
15.75 


























































A - 1 1  
A- 14 
A- 16 
B-3  . 
B- 6 
B- 8 
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1 2  79 
8.95 
continued...... 



























































































AVG . WE IGHl 
G A I N  
14.45 
















1 2  a 50 
8.52 
14,96 
1 2  27  
14.12 
1 2  * 2 1  
12 34 





















R - 1 1  
R- 14 
R- 16 




































































25 e 85 
31 e 67 
AVG. WEIGH? 






























TABLE X I I .  - AMPERE-HOUR CAPACITY OF NEGATIVE PLATES 
(Bench Sca le  T e s t s )  
PLATE 
SAMPLE 
F 1  (A-18) 
2 (A-18) 
11 (1-19) 
1 2  (1-19) 




































































































































The u t i l i z a t i o n  e f f i c i e n c y  of t h e  Cd(OH)2 i n  t h e  t h r e e  groups of p l a t e s  
b 
was ca l cu la t ed  by f i r s t  c a l c u l a t i n g  t h e  theo re t i c91  Ah capac i ty  of each 
p l a t e  from t h e  weight ga in ,  and ' then  taking the  r a t i o  of , the measured. 
capac i ty  (average of t h r e e  cyc les )  t o  the  t h e o r e t i c a l  capaci ty .  The 
r a t i o  w a s  mu l t ip l i ed  by 100 t o  y i e ld  percent  u t i l i z a t i o n .  These values 
a r e  l i s t e d  i n  Table X I I I .  
- 32- 
TABLE X I I I .  - PERCENT UTILIZATION OF NEGATIVE PLATES 





l l ( I 1 9 )  
1 2  (119) 









































































= % UTILIZATIOFI 
THEO. CAP. 
4.7315.89 = 80.3 
4.6 7 15.84 = 80.0 
4.6515.80 = 80.2 
4.6515.85 = 79.5 
5.03 I 6.44 = 78.1 
5.0816.47 = 78.5 
5.1816.56 = 79.0 



































A .  PLAQUE CHARACTERISTICS 
An examination of t he  da t a  i n  Sect ion I1 ind ica t e s  t h a t  while t h e r e  
was s c a t t e r  i n  t h e  da t a  wi th in  ind iv idua l  groups, t he  average values 
followed p red ic t ab le  t rends .  For example, plaque r e s i s t i v i t y  values 
ranged from 6.55 t o  8.56 (x l o m 5  ohm-cm) f o r  t h e  group f i r e d  a t  1000°C 
f o r  10 minutes,  and from 7.34 t o  8.76 f o r  those f i r e d  a t  1000°C f o r  
5 minutes. 
respec t ive ly .  
t i m e  and s i n t e r i n g  temperature a r e  shown i n  Figures 1 and 2. 
p l a t e s  show t h a t  increased s i n t e r i n g  time o r  temperature tended t o  re- 
duce r e s i s t i v i t y .  Of t h e  two parameters,  increased s i n t e r i n g  t i m e  
appeared t o  have a g r e a t e r  impact on lowering plaque r e s i s t i v i t y .  
The averaged values  f o r  t he  two groups were 7.45 and 7.98 
Varia t ion  of average plaque r e s i s t i v i t y  with s i n t e r i n g  
These 
This  
i s  probably due t o  the  f a c t  t h a t  during the  i n i t i a l  per iod of t h e  s i n t e r -  
ing opera t ion ,  d e n s i f i c a t i o n  takes  p lace  due t o  the  co l lapse  of t he  
"green" powder s t r u c t u r e .  
t i m e  t o  develop and t h e  s i n t e r  s t r u c t u r e  a t  t h i s  s t a t e  i s  weak due t o  
the  ex is tence  of only poin t - to-poin t  contac t  between the  p a r t i c l e s .  
Continued exposure t o  t h e  s i n t e r i n g  temperature r e s u l t s  i n  some add i t iona l  
P a r t i c l e - t o - p a r t i c l e  bonding has not  yet  had 
d e n s i f i c a t i o n  bu t  t o  a f a r  lesser degree than during the  i n i t i a l  per iod,  
and t h e  formation of s t ronger  bonds, improving the  cohesive charac te r  of 
t he  s i n t e r .  This manifests  i t s e l f  i n  improved mechanical p rope r t i e s  
such as  lower e l e c t r i c a l  r e s i s t i v i t y ,  g r e a t e r  mechanical s t r eng th ,  and 
lower po ros i ty .  
The g rea t e r  mechanical s t r eng th  with increased s i n t e r i n g  t i m e  is 
shown i n  Figure 3 .  Herie,too, the  p l o t t e d  values represent  averaged 
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MECHANICAL STRENGTH Vs SINTERIKG TIME 
AT VARXOUS TPIFERATURES 
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- 37- 
Poros i ty  determinat ions were made by two d i f f e r e n t  techniques;  by 
l i q u i d  absorp t ion ,  and by c a l c u l a t i n g  t h e  apparent  dens i ty .  Both tech- 
niques showed t h e  same t rend .  That i s ,  plaque p o r o s i t y  was reduced by 
increased  s i n t e r i n g  t i m e  o r  temperature ,  as shown i n  Figures  4 and 5. 
While t h e r e  was good c o r r e l a t i o n  i n  t h e  average p o r o s i t y  values  obtained 
by t h e  two d i f f e r e n t  techniques,  t he  values  obtained from measurement 
of t h e  apparent  d e n s i t y  tended t o  be somewhat lower than those  obtained 
from measurement of t h e  amount of l i q u i d  absorbed. The d i f f e r e n c e  i n  
values  (approximately 0.5% on average)  i s  very  l i k e l y  due t o  an e r r o r  
i n  t h e  experimental  method. When t h e  plaque samples were weighed i n  a 
s a t u r a t e d  cond i t ion ,  i n  a l l  p r o b a b i l i t y ,  some r e s i d u a l  l i q u i d  p re sen t  
on t h e  s u r f a c e  caused a h igher  weight measurement, r e s u l t i n g  i n  a h igher  
p o r o s i t y  value.  
B. PLATE CHARACTERISTICS 
Evaluat ion of t h e  p o s i t i v e  and nega t ive  p l a t e s  i nd ica t ed  t h a t  t h e  
weight ga in  achieved by s i n t e r e d  plaques was r e l a t e d  t o  plaque p o r o s i t y ,  
as one would expect .  
temperatures  r e s u l t e d  i n  lower weight gains  f o r  both p o s i t i v e  and nega- 
t i v e  plates .  While average p o r o s i t i e s  va r i ed  between t h e  range of 68.7% 
t o  73.4%, corresponding t o  5.680 c c  t o  6.068 cc  of pore volume p e r  p l a t e ,  
t h e  average weight ga ins  ranged from 10 gms t o  15 gms f o r  t h e  p o s i t i v e  
p l a t e s ,  and 10.6 gms t o  15.3 gms f o r  t h e  nega t ive  p l a t e s ,  both B t  t he  
100% loading l e v e l .  
Longer s i n t e r i n g  t i m e s  and/or  h igher  s i n t e r i n g  
It would appear t h a t  t he  weight gains  cover a broader range than might 
be  expected on t h e  b a s i s  of t h e  range of p o r o s i t i e s .  This  i s  probably 
due t o  t h e  f a c t  t h a t  t h e  plaques f i r e d  f o r  longer  per iods  have, i n  a d d i t i o n  
t o  a lower p o r o s i t y ,  a f i n e r  pore s t r u c t u r e  o f f e r i n g  more r e s i s t a n c e  t o  
























FXGURE 5 POROSITY Va SINTERIUG TEMPERATURE 
(Apparent Depsity) 
-40- 
The t h r e e  groups of negat ive plates showed t h e  same t rend f o r  a l l  
the  plaque samples which were evaluated. To r e c a p i t u l a t e ,  t he  t h r e e  
groups were impregnated wi th  Cd(OH)2 as follows: 
Group #l - Control 
Group 112 - 2% Thiourea i n  Cd(N03)2 s o l u t i o n  
Group #3 - Cathodized i n  the  KOH conversion bath 
The cumulative weight gains  w e r e  h ighes t  f o r  Group #3 f o r  t he  f i r s t  
four  impregnation cycles .  However, t he  t o t a l  weight gain achieved a f t e r  
s ix  impregnation cycles was h ighes t  f o r  Group #1, t h e  Control Group. 
(There w a s  a cross-over poin t  between the  four th  and f i f t h  cyc les . )  
Group #2 was c o n s i s t e n t l y  lower than the  o the r  two groups. 
a r e  shown i n  Figures 6, 7 ,  8 and 9.  The th iourea  was e f f e c t i v e  i n  pre-  
vent ing any chemical a t t a c k  by t h e  a c i d i f i e d  Cd(N03)2 s o l u t i o n  on the  
n icke l  s i n t e r  ( t h e  s o l u t i o n  remained co lo r l e s s  even a f t e r  s i x  impreg- 
na t ion  cycles  while t he  o the r  two so lu t ions  assumed a s l i g h t  green 
co lo ra t ion  due t o  the  presence of Ni(N03)2). However, t he re  was a 
t h i n  depos i t  of what looked l i k e  elemental  s u l f u r  on t h e  p l a t e ,  as  
evidenced by a yellow colora t ion .  This depos i t  adhered t o  t h e  su r face  
tenac ious ly  because s t i f f  brushing with a nylon b r i s t l e  brush d id  not  
remove it. Thiourea forms a s t a b l e  n icke l -su l fur  bond; it i s  t h e  forma- 
t i o n  of t h i s  complex which p ro tec t s  t he  n i cke l  from a t t a c k  by t h e  acid.  
The yellow depos i t  may have been the  n icke l - th iourea  complex. 
These da t a  
Capacity determinat ions,  presented i n  Table XI11 (Sect ion 11) showed 
t h a t  t h e  u t i l i z a t i o n  e f f i c i e n c i e s  ( r a t i o  of measured t o  t h e o r e t i c a l  
capac i ty)  ranged from 0.78 t o  0.80, 0.67 t o  0.72, and 0.74 t o  0.78 
f o r  Groups 1, 2 and 3 r e spec t ive ly ,  The average values f o r  each of t he  
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C W L A T I V E  WEIGHT GAINS OF NEGATIVE PLATES 
-44 -  
6 
FIGURE 9 CUMULATIVE WEIGHT GAINS OF NECATrvE PLATES 
- 4s- 
These data suggest that the control group was best in terms of total 
weight gain and ampere-hour capacity output per unit weight of Cd(0H) 
contained in the plate. 
2 
The data are being analyzed using a stepwise multiple linear 
regression analysis computer program. This program will correlate 
process parameters, such as sintering time, sintering temperature, etc., 
with responses such as porosity, resistivity, mechanical strength, 
plate capacity, etc. The objective of this analysis is to evolve a 
linear predictor equation which will aid in characterizing the system 
and in identifying the factors responsible €or variation in plaque and 
plate characteristics. 
Results of these analyses will be included in the Final Report. 
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